Introduction
============

Colonic diverticulosis is an acquired disease that results from herniation of the mucosal and submucosal layers through defects in the muscle layer. The exact prevalence of diverticulosis is difficult to estimate because most individuals are asymptomatic, but the disease is endemic in elderly populations of developed countries.[@B1] There is a considerable geographic variation between Asian and Western countries with regard to the prevalence and pathophysiology of diverticular disease.[@B2] In Western countries, diverticula are most common in the left colon, including the descending and sigmoid colon. In Asian countries, diverticula occur primarily in the right colon, such as the cecum and ascending colon. This epidemiological difference suggests that genetic, environmental and/or lifestyle factors play a role in the etiology of colonic diverticula.[@B3] Over the last several decades, researchers have evaluated different pathophysiological causes of colonic diverticulosis using epidemiological as well as basic research. The pathogenesis of colonic diverticula has multiple factors, including age-associated alterations in the colonic wall,[@B2],[@B4],[@B5] dietary fiber intake,[@B3],[@B6]-[@B8] motor dysfunction,[@B9] genetic influences,[@B3],[@B10],[@B11] altered colonic motility[@B12] and abnormal intraluminal pressure.[@B13]

The most widely accepted theory on the role of dietary fiber in diverticular formation is that smaller-volume stool results in alterations in colonic motility that result in increased intraluminal pressure.[@B14] Increased intraluminal pressure is attributed to segmental movement of the colon.[@B15] In those who eat low-fiber diets, this normal physiologic process becomes exaggerated, thereby generating markedly elevated intrasegmental colonic pressures.[@B13] The straining and high amplitude, non-propulsive contractions that lead to high intraluminal pressure have been known to cause the formation of left colonic diverticula.

Some epidemiological studies have suggested that a genetic predisposition exists for the formation of right colonic diverticula because it develops at an earlier age than does left-sided diverticula[@B16]-[@B18] and is the dominant form of diverticulitis in a studied Japanese Hawaiian community whose members emigrated from Asia.[@B19] However, the pathophysiology of right colonic diverticula is still unclear.

Colonic diverticulosis patients were found to have increased methanogen concentrations based on direct fecal counts.[@B20] More recently, methane gas and its relationship with intestinal transit time have been assessed.[@B21] Our group also reported that the peristaltic velocity of the small bowel was significantly delayed after methane gas infusion into guinea pigs.[@B22] The amplitudes of peristaltic colonic contractions and intraluminal pressures were also significantly increased in the group treated with methane gas infusion. One study that included 2 experiments supports the theory that methane is involved in the regulation of intestinal motor function.[@B23] Methane gas creates a slowing of intestinal transit in dogs, and the contractile activity of guinea pig ileum is significantly augmented when exposed to methane gas. It was hypothesized that methane slows small intestinal contractile activity by augmenting small-bowel contractile activity, possibly through non-propulsive segmental contractions. This process suggests that methane augments the amplitudes of peristaltic waves in the small bowel and delays small bowel transit because it promotes non-propagating or segmental contractions, which provided an experimental basis for verifying that a significant correlation exists between methane producers and constipation-predominant irritable bowel syndrome (IBS) patients.

The lactulose breath test (LBT) is a test that measures the concentrations of exhaled methane and hydrogen gas after ingestion of lactulose. We hypothesized that the methane gas produced by enteric bacteria may have a role in the development of right colonic diverticula by propagating non-propulsive segmental contraction, which leads to increased intraluminal pressure and accelerates the formation of diverticula in the right colon. The goal of our present study was to use LBT to investigate the relationship between the development of right colonic diverticula and intestinal gases produced by enteric bacteria.

Materials and Methods
=====================

1. Patients and controls
------------------------

The study was conducted on consecutive patients at the outpatient clinic of the gastroenterology division of Gangnam Severance Hospital of Yonsei University, Korea, between February 2008 and February 2010. Right colonic diverticula were evaluated via full colonoscopy in all patients. The normal volunteer population consisted of 30 healthy volunteers with no specific symptoms or medical history.

Patients with diverticula were placed into the diverticular group, and normal controls were classified as our control group. All participants in both groups were referred for LBT and were personally interviewed by the investigators. Prior to conducting the breath test, participants were given a questionnaire that assessed their past medical histories, current medication usages, demographic information and 7 main symptoms (abdominal pain, bloating, constipation, diarrhea, flatulence, tenesmus and early satiety) of IBS. The severity and frequency of the symptoms were expressed by ordinal scales from 0 to 6 on a Likert Scale. Exclusion criteria were age below 18 or above 80 years, having known organic intestinal disease, prior abdominal surgery, unstable thyroid disease or diabetes, using motility-modifying medication (such as prokinetics, narcotics, calcium channel blockers or anticholinergics) and use of antibiotics within the past month, or being pregnant. In addition, subjects completed a questionnaire of Rome II criteria for IBS. This study was approved by the Institutional Review Board at Gangnam Severance Hospital, and all participants were enrolled under informed written consent for participation (IRB No. 3-2010-0117).

2. Lactulose breath test
------------------------

LBT were performed following an overnight fast of at least 12 hours. Participants were asked to not ingest any beans, nuts, soy or large meals, to limit dairy intake the day before the test, and to refrain from smoking the morning of the test. After a sample of their breath (end expiratory) was collected at baseline, participants ingested 10 g lactulose syrup (Choongwae Pharma Co, Seoul, Korea) with 240 mL water. Further breath samples were then obtained every 15 minutes for 180 minutes. Each sample was analyzed for hydrogen, methane and carbon dioxide gas concentrations within 15 minutes of collection using a Quintron model SC gas chromatograph (Quintron Instrument Co, Milwaukee, WI, USA). Data were reported in parts per million (ppm). Carbon dioxide was analyzed to correct for the quality of alveolar sampling. The measurements were then plotted graphically and analyzed by a trained technician. LBT results were interpreted by an experienced clinician who was blinded to participant conditions and symptoms. A hydrogen producer was defined in 2 ways: either one who exhibited a breath hydrogen level ≥ 20 ppm at baseline or one who exhibited an increase in breath hydrogen ≥ 20 ppm above baseline within the first 90 minutes of the test. A positive methane breath test was defined in 2 ways: either one who exhibited a breath methane level ≥ 10 ppm at baseline or one who exhibited an increase in breath hydrogen ≥ 10 ppm above baseline within the first 90 minutes of the test. A combined producer was defined as one who was positive for both methane and hydrogen production.[@B22]

3. Statistical methods
----------------------

Quantitative data were compared using Student\'s *t* test, with results expressed as mean ± SD. We used the Chi-square test and Fisher\'s exact test to assess differences between patients with diverticula and controls. Comparisons between breath methane and hydrogen concentrations at each time point were made using linear mix model. Data were analyzed (PASW version 17.0) and pictorially illustrated using GraphPad Prism version 4 (GraphPad Software Inc, San Diego, CA, USA). A p-value less than 0.05 was considered statistically significant.

Results
=======

A total of 60 people participated in this study (30 in the diverticular group and 30 in the control group). The 2 groups had no statistical difference in their demographic characteristics ([Table 1](#T1){ref-type="table"}).

Forty percent of the diverticular group was LBT-positive compared with 30% of the control group. LBT positivity did not show a significant difference between the diverticular and the control group (p = 0.4). Methane production was found in 20% of the diverticular group and in 23.3% of the control group. No statistically significant association existed between methane production and diverticula (χ^2^ = 0.1, p = 0.8). Hydrogen production and diverticula also did not have a statistically significant association (χ^2^ = 0.3, p = 0.7) ([Table 1](#T1){ref-type="table"}). And there was no difference in irritable bowel symptom between the patients with positive LBT and others with negative LBT within the diverticular group ([Table 2](#T2){ref-type="table"}).

The diverticular and the control group demonstrated similar breath methane excretion patterns over time ([Fig. 1A](#F1){ref-type="fig"}); no statistically significant differences existed at any time point for breath methane excretion. This pattern was also seen for breath hydrogen excretion ([Fig. 1B](#F1){ref-type="fig"}). And the proportion of breath methane to hydrogen concentration was greater in diverticular group than in control group after 80 minutes but no statistical difference was not found ([Fig. 2](#F2){ref-type="fig"}).

Discussion
==========

The present study showed that LBT positivity did not present a significant difference between the diverticular group and the control group, which meant the detection of methane or hydrogen based on LBT is not associated with right colonic diverticula. Although there was no significant relation between development of right diverticula and intestinal gas, this study is first attempt to reveal the pathogenesis of right diverticula.

Many studies have shown that increased concentration of methane delays colonic transit time. Methane production is more common in constipated conditions, such as encopresis and diverticulosis, and is much less frequent in predominantly diarrheal conditions such as inflammatory bowel disease[@B20],[@B24]-[@B28] Two studies have demonstrated slower transit times in methane-producing adults.[@B4],[@B29] The first measured mouth-to-cecum transit times of healthy participants using the lactulose hydrogen breath test. These researchers found that breath methane producers had a significantly longer transit time (111 minutes) compared to their non-producing counterparts (68 minutes).[@B29] In the second study, whole gut transit was evaluated. They found that breath methane producers had a mean transit time of 84.6 hours versus the 48.6 hours demonstrated by non-producers.[@B4] Evidence has accumulated to support an association between methane and intestinal transit time. However, none of the previously discussed studies provide any strong evidence toward a clear cause-and-effect relationship. One possible explanation is that methanogenic organisms may favor proliferation in an environment of slower transit. This notion is supported by studies that have shown that treatment with laxatives and bowel cleanses can eliminate methane production in some patients.[@B26],[@B27]

Taken together, abnormal intraluminal pressure has been implicated as pathogenetic factors in diverticulosis. Intraluminal pressure in the ascending colon of patients with right-colon diverticula was studied via catheter-tip transducers inserted during colonoscopy.[@B30] They showed that high resting and prostigmine-stimulated intraluminal pressures were found in right-sided diverticular disease. Painter et al[@B15] reported that non-propulsive segmental contractions of the colon could increase intraluminal pressure. Abnormal intraluminal pressure, the most common colonic motor pattern in tonic segmenting and rhythmic contractions, creates stationary narrow rings that appear as haustral markings. It was reported that the intermittent segmentation process of systematic contraction of the circular muscle divides the lumen into a series of compartments and, as a result, increases intracolonic pressure within these compartments led to the generation of diverticula.[@B31]

Based on above studies, we assumed that methane or hydrogen gas produced by enteric bacteria might play a role in development of right colonic diverticula because the gases might alter the colonic transit time contributing to non-propulsive segmental contraction, which might increase intraluminal pressure forming right colonic diverticula. However there was no statistically significant relation between development of right colonic diverticula and intestinal gas. Moreover, in diverticular group the patients with positive LBT did not have difference in bowel symptoms compared with others having negative LBT within the diverticular group.

And we expected the different composition of intestinal gases might have effects on diverticula by relatively high concentration of methane because the methanogens can significantly decrease the volume of hydrogen by combining hydrogen and carbon dioxide for their energy.[@B32] But the ratio of methane to hydrogen was not also statistically different between the diverticular and control group.

One limitation of our study is that LBT only represented the concentration of breath methane and hydrogen gas at the study time. The formation of diverticula is a time-dependent process; our cross-sectional study with LBT could not show a correlation between methane or hydrogen concentration and the formation of diverticula. In this study, we only examined the concentration of breath methane and hydrogen gas at one occasion. We did not measure serial breath gases for a long enough time to properly evaluate this time-dependent process. Although methane gas could increase intraluminal pressure, increased pressure should be demonstrated to form diverticula over a sufficiently long period and then better conclusions could be drawn regarding the relationship between increased pressure and diverticula formation.

Moreover another limitation was that that right colonic diverticula occur in the childhood[@B17] but this study was performed in the mean age of 47.4 (control group) and 53.3 (diverticular group), which could be one of cause of negative study. And this is a negative study involving a small number of subjects without a pretest power analysis. Thus, the possibility of a type II error exists and would prevent the drawing of a definitive conclusion. Therefore, long-term follow-up methods for evaluating effects of intestinal gas are needed to reveal the exact pathogenesis of right colonic diverticula.
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###### 

Comparison of Demographic Findings and Lactulose Breath Test Results Between the Diverticular and the Control Groups
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^a^Student\'s *t* test for difference of means, ^b^Chi-square test or Fisher\'s test for differences of proportion.

###### 

Comparison of Bowel Symptoms and Lactulose Breath Test Results in the Diverticular Group
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^a^Student\'s *t* test for difference of means, ^b^Mean ± SD.
